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Broadband high gain Raman Fiber Amplifier
optimized by immune algorithm

GONG Jia-min,ZHU Ze-hao,LEI Shu-tao,ZHANG Yun-sheng,LIU Fang, WU Yi-jie
(College of Communication and Information Engineering, Xi’an University of Posts and Telecommunications,

Xi'an 710121, China)

Abstract : To improve the gain bandwidth , output gain and gain flatness of Raman Fiber Amplifier (RFA) ,an Erbium-
doped tellurium-based fiber is used as the amplification medium to design a Raman Fiber Amplifier which can realize
the smooth amplification of 100 nm bandwidth signal in C + L band. During the design process, the nonlinear optimiza-
tion and combinatorial optimization problems in Raman Fiber Amplifier model, immune algorithm is used to optimize
the wavelength and power of pump light,and ensure the output of Raman Fiber Amplifier with high gain and low gain
flatness at the same time. By MATLAB numerical simulation, the average gain of the designed Raman amplifier is 35.
46 dB,and the gain flatness is 0. 85 dB.
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Fig. | Raman gain spectra of Er-doped tellurite-based fiber
and quartz optical fiber
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Fig. 2 Structure of broadband large gain Raman Fiber Amplifier
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Tab. 1 Basic optimization parameters

Parameter name Values

Number of immunized individuals N 120

Immune Individual Dimensions D 12

Maximum number of immune iterations G 200

Variability probability M 0.8

Incentive coefficient B,y 2,1
Similarity threshold s, ,s, 0.9,0. 0675

Number of clones C 10

%2 RFAWHMGES %

Tab. 2 The other simulation parameters of RFA

Iy SRR A S (A A ST Y Parancirane Valus
. S N Wavelength range of signal light/ 1530,1630
FIEEEL, — MRS ~ 10 5 1 TARWOR 1 K A% i e e I 50
I RGBS R], PR 7 2 A AR I T ZE X E AT Fiber length/m 4.5
5 2 . N Wavelength range of light/ 1360,1445
WO R AR B S 4622 1 o s, meleaghs g o pump ight/m | 1360, 1445
i P ‘ ) Power range of pump light/ W [0.1,1]
%ﬂ NE ﬁ%u%ﬂﬁﬂfiﬁ%ﬂm$ﬁ4719_51'ﬁﬁ51£1ﬁ B"J{%ﬁ Loss factor of pump light/(dB - km ! ) 25
Y5
¥ - TN Vs AP N S5 ignal li . - 2
I ERIAR DA B8, i3 2 Ui e | R fos Jocor of st el (02 o
Rayleigh scattering coefficient/ (m ™" ) 7 %10
IHEAEES SRy FEAR . Dy 52 BE 100 nm 7y B PN Y 2R Planck constant/ (] « 5) 6. 626 x 10~
S k-l -4
ﬁﬁﬁﬁ[}ﬂﬁﬁaﬁ,ﬁﬁﬁﬁ‘ﬂg RFA E@ﬁ{m{ﬁﬁ%ﬁﬁﬁ Boltzmann constant/(J « K™') 1.38 x 10
®)3 RARMERAW
Tab. 3 Comparison of five groups of optimization results
Values
Parameter name
A B C D E
Ay /nm 1368. 0217 1369. 4840 1367. 6140 1363. 7198 1366. 3619
Ay /nm 1386. 0217 1388. 0702 1383. 8516 1372. 1584 1383.7618
A3 /nm 1391. 3035 1409. 3280 1388. 3814 1386. 2480 1385. 7618
Ay /nm 1413. 7889 1415. 8661 1412. 7651 1412. 3980 1412. 6526
As /nm 1432. 7508 1433.7190 1431.9148 1429. 2432 1431. 2718
Ag /nm 1443. 0352 1444. 5212 1441. 7413 1442. 3315 1441. 3344
P, /W 0. 8572 0. 9994 0. 7725 0. 7470 0. 8246
P, /W 0.9778 0.9995 0.7399 0. 3439 0. 2867
Py /W 0. 1898 0. 1352 0. 5651 0. 9825 0.9816
P, /W 0. 5299 0. 4444 0. 5423 0.3796 0. 5652
Ps /W 0.2267 0.2221 0.2571 0. 2205 0.2236
Ps /W 0.2037 0.1773 0.2059 0. 1968 0.2199
é/dB 35. 2467 35.2313 35.4143 34.9791 35. 4580
AG /dB 0. 9395 0. 8776 1. 0285 2.0149 0. 8473
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